ABSTRACT Laboratory studies were conducted to determine if there were biological or behavioral differences among populations of Trissolcus basalis (Wollaston) (Scelionidae: Hymenoptera) collected from France, Italy, and Spain. Observations of isolated and mated females indicated little difference in fecundity, adult longevity, male and female progeny produced, length of oviposition period, and percentage of parasitism of Nezara uiridula (L.) (Heteroptera: Pentatomidae) eggs. Females from all locations showed greater fecundity and rates of parasitism during the first week after emergence. The French population showed a significantly higher emergence rate from N . uiridula eggs than those from Italy or Spain. When male T . basalis were continuously present with females, fecundity, number of male progeny, and percentage of parasitism were significantly higher than when females were isolated. Over the lifetime of T . basalis females, the sex ratio of adult progeny favored female; however, there was a progressive shift from predominantly female to male progeny as the female aged. Adult males lived longer than females. No significant differences in adult male or female longevity were detected across geographic populations. However, the Italian population took significantly more time to complete immature development than the French or Spanish population. N . vtridula egg mortality was significantly higher when female T . basalis were continuously present than when absent, indicating that parasites may cause some mortality in addition to that resulting from parasitism. There were no significant differences in mating, egg selection, or oviposition times among the geographic populations. Females from Italy spent significantly less time in marking N. utridula eggs than those from Spain or France. The results of these studies suggest that the three populations compose a single T . basalis biotype.
was first officially recorded in the Sacramento Valley of California in 1986 (Hoffmann et al. 1987) and in the absence of effective natural enemies, is a potentially serious threat to many crops throughout California. Since its arrival, populations have been found feeding on weeds and several crops, particularly tomatoes (Table 1) .
Trissolcus basalis (Wollaston) , an egg parasite of N . viridula, has shown considerable promise in its ability to regulate N . viridula populations below economically damaging levels. T. basalis was introduced into Australia from Egypt in 1933 and provided effective control in coastal areas. A later introduction of T. basalis from Pakistan proved successful in inland areas (Ratcliffe 1965) . Subsequent biological control programs were initiated I To whom reprint requests should be sent. Current address: Department of Entomology, Texas A&M University, College Station, Tex. 77843. based on material obtained from Australia with introductions into New Zealand in 1949 (Cumber 1951) and to Hawaii in 1962 (Davis 1964) . Trichopoda pennipes (F.) (Diptera: Tachinidae), a parasite of adult N . viridula, was also introduced into these locations, but only proved effective in Hawaii. Reports on the results of these introductions show satisfactory to outstanding control of N .
viridula (Caltagirone 1981) .
Although T . basalis occurs with N . viridula in the United States, it does not provide consistent control of this pest on susceptible crops (Jones 1988) . Several biological characteristics contribute to the success of a biological control agent at the population level. These include searching ability, fecundity, general dispersal ability, and, in the case of biparental populations, sex ratio (Caltagirone 1985) . How well an organism performs also depends on its genotype and the environment. This article is the copyright property of the Entomological Society of America and may not be used for any commercial or other private purpose without specific written permission of the Entomological Society of America.
opmental time, fecundity, adult longevity, sex ratio of progeny, length of oviposition period, percentage of host parasitism, mating, egg selection, oviposition, and egg marking times.
Materials and Methods
Insect Colonies. Colonies of T . basalis from France, Italy, and Spain were maintained in glasstopped wooden sleeve cages (46 by 46 by 76 cm) at 27 k 2°C and a 16:8 (L:D) photoperiod; they were provided N . viridula eggs as host material three to four times per week. In these colonies and throughout all the various studies, adult T . basalis were provided with fresh honey droplets daily. Because low relative humidity may reduce the rate of T . basalis emergence from N . viridula eggs (Orr et al. 1985) , parasitized N . viridula egg masses were placed upon a moistened filter paper within a plastic Petri dish when within two to three days of emergence. As T . basalis emerged, they exited the Petri dish through a small hole in the cover and dispersed in the sleeve cage. To determine if the continuous presence of a male influenced the reproductive biology of the female, a second experiment was conducted, which was identical to the above, but a male was present at all times. This was done only with the Spanish T . basalis and is referred to as the Spanish I1 treatment.
For the female and male experiments, the contents of each capsule were examined at least 2 wk after T . basalis oviposition. For females, data recorded included the number of nymphs, host eggs that had been cannibalized (egg contents removed by adult bugs in colony), unhatched stink bug eggs (unknown cause of death), emerged male and female T. basalis, partially emerged but dead parasites, and eggs that were parasitized but from which no parasites emerged. This last category was determined by removing the operculum from N . viridula eggs that appeared parasitized (black). If a parasite was observed, the data were combined with the partially emerged category. All N . viridula eggs from which a parasite emerged or which contained a parasite that did not emerge were included in percentage of parasitism and fecundity per female calculations. Cannibalized eggs and eggs that died from unknown causes were excluded from these calculations.
Egg Mortality
To determine if N . viridula egg mortality of unknown cause was associated with the presence of female T . basalis, a comparison of egg mortality in the presence or absence of females was made.
T . basalis females were held with N . viridula egg masses and data recorded as in the above studies. The control treatment was identical. but without parasites. The comparison was conducted until death of the first female at day 26 with each treatment replicated four times. Mating Time. Pairs of newly emerged and unmated males and females were held in glass Petri dishes (10 replicates for each geographic population) and their mating periods were recorded. Mating was defined as the time interval that begins when a male initiates mating by grasping and holding a female, includes copulation and ends when the male separates from the female.
Egg Selection, Oviposition, and Egg Marking Time. Behavioral studies to quantify egg selection, oviposition, and marking time were conducted by exposing ten individual, 2-to 3-d-old, fully fed and mated females of each population to a single host egg mass in a glass Petri dish. Egg selection time was defined as the interval between the completion of egg marking (leaving an egg) and the beginning of another oviposition (insertion of ovipositor into a new egg). Oviposition time included the time from when a female inserted her ovipositor into an N . viridula egg to when she withdrew it. Egg marking time was defined as the time interval from when a female withdrew her ovipositor after oviposition to when she left the egg. All behavioral observations were made using a dissecting microscope and were timed with a digital stopwatch.
Data Analysis
Data on fecundity, rate of parasitism, unsuccessful adult emergence, male and female progeny produced, length of oviposition period, mating, egg selection, oviposition and egg marking times, and longevity of different biotypes were subjected to analysis of variance (SAS Institute 1985) . If the analysis of variance was significant at the P < 0.05 level, Duncan's multiple range test (Duncan 1955) was applied.
Results and Discussion
Parasite Biology Developmental Time. The developmental time (days from parasitization of host egg to adult parasite emergence) of T. basalis in N . uiridula eggs ranged from 9 to 12 d. The mean developmental times of 10.2 and 10.7 d for the Spanish and French populations, respectively, were not significantly different; however, the developmental time of 11.4 d for the Italian population was significantly longer than the other two ( P < 0.05). Once initiated for a geographic population, adult emergence was completed in 3 d, with 7.7, 36.7, and 55.7% of the adults averaged across populations emerging on the first, second, and third day, respectively (Fig. 1) (Table 2) . However, when males remained with the females, the mean number of eggs oviposited was significantly higher. The lengths of the oviposition periods were not significantly different (Table 2) . Oviposition patterns over the lifetime of female T. basalis were similar for the various populations (Fig. 2a-d) .
The age specific fecundity patterns are similar to those reported for T . basalis from Australia and Florida (Powell & Shepard 1982) and British West Indies (Wilson 1961) . Nevertheless, the geographic populations that we tested showed higher fecundity than reported by these authors. Male and Female Progeny. The mean number of female and male progeny per female T . basalis
was not significantly different across geographic populations when males were removed after mating (Table 2) . When males remained with females continuously (Spanish 11), no significant change in female progeny was noted, but male progeny increased significantly. This suggests that multiple matings either did not occur or, if they did, they had little influence on the number of females produced. The reason for the increase in the number of male progeny is not clear. Peak female progeny production occurred during the first and second day of oviposition or at female age of 3-4 d, whereas peak male progeny production occurred about female age of 8-13 d (Fig. 2b-c) . Over the lifetime of the T. basalis females, the sex ratios (female/ male) of the French, Italian, Spanish I, and Spanish I1 were 1:0.56, 1:0.94, 1:0.69, and 1:1.06, respectively. However, as the female parasite aged, there was a marked shift from predominantly female progeny to all male progeny (Fig. 2d) . The sex ratios obtained in our experiments appear similar to those reported by Wilson (1961) and Powell & Shepard (1982) but different from Thomas (1972) who reported a highly female biased sex ratio (1:0.2) for T . basalis collected from Louisiana. However, the cited studies were conducted with male T . basalis always present. When males and females were housed together in our studies (Spanish 11), more eggs were produced and the sex ratio was slightly male biased.
Unsuccessful Adult Emergence. Under the conditions within the chamber (85 k 10% RH) the percentage of N . viridula eggs containing partially or completely developed parasites, but which did not successfully emerge, was lowest for the French population ( P < 0.05) ( Table 2) . Observations of eggs at a lower relative humidity, <60%, as found in our quarantine facility showed much higher rates of unsuccessful emergence, but no differences in rates of emergence across biotypes (Table 2) . Vari- (Duncan 1955) . ability in emergence rate has been related to humidity (Orr et al. 1985) and it may be a critical factor in the field especially in summer when humidity is low (in California). The continuous presence of males (Spanish 11) versus no males (Spanish I) did not have a significant influence on emergence success.
ENVIRONMENTAL ENTOMOLOGY
Percentage of Parasitism. Mean percentage of parasitism of N . viridula eggs, over the reproductive life of female T . basalis, did not differ among populations where males were removed after mating. However, the continuous presence of males with females resulted in a significant increase in percentage of parasitism (Table 2) . Rates of parasitism of N . viridula egg masses decreased as female T . basalis aged (Fig. 3) , averaging about 75% on the third day following adult emergence, with a few females successfully parasitizing eggs when 31 d old. Powell & Shepard (1982) Buschman & Whitcomb (1980) , using similar techniques, found levels of parasitism ranging from 28 to 40%.
Longevity. Adult males lived significantly longer than females. However, significant differences were not observed across geographic populations (Table  2) . Thomas (1972) and Shepard (1982) observed that female T . basalis from Australia and Florida lived longer than males.
Egg Mortality. Of the N . viridula eggs exposed or not exposed to female T. basalis over the duration of the study, 32.3 and 26.9%, respectively, ( P > 0.05), failed to produce nymphs or parasites.
However, when only the oviposition period (first egg to last egg) of the female parasites was considered, 36.2 and 21.4% egg mortality was recorded for the respective treatments ( P < 0.05). A comparison during the postoviposition period showed no significant difference. This suggests that at least during the time T. basalis are ovipositing, they are also causing approximately 15% mortality above that resulting from parasitism. The specific cause of this egg mortality was not determined, but could result from superparasitism, probing by female parasites without oviposition, or completed oviposition, but death of both host and parasite at an early stage of development. Females were not observed feeding on host eggs.
Parasite Behavior
There were no significant differences in mating, egg selection, or oviposition time among the three T. basalis populations. However, the egg marking time of the Italian population was significantly less than the others (Table 3) . These results appear to be in general agreement with previous studies (Wilson 1961) . Males were observed to mate more --.
than once, but the total number of matings in their lifetime was not recorded.
C.onclusion
The differences observed in the three geographic populations appear to be minor. This raises the possibility that the populations represent a single biotype. T . basalis may have emigrated with its host N . viridula because there is no record of introductions into France, Italy, and Spain. According to Diehl & Bush's (1984) definition and criteria for biotypes, these collections seem to be similar and therefore possibly a single biotype. Our studies show that crosses between these three collections produce viable offspring (unpublished data). 
